Dental implants are majority made of titanium, since this material promotes a stable and functional connection between the bone and the surface of the implant. Efforts produced during the chewing cycles may interfere with this union, affecting the process of osseointegration and eventually compromising the stability of the implant.
-insertion torque smaller than 30 Ncm; ii) medium densityinsertion torque between 30 and 40 Ncm; iii) high densityinsertion torque values higher than 40 Ncm.
The research in biomechanics is one of the major factors to achieve long-term success of the dental implants. To evaluate different types of implants available in the market, mechanical tests are fundamental, for it is through them that is possible to analyze the performance of the tested material, when submitted to different loadings, in different substrates.
Amongst the different possible mechanical tests to a dental implant, fatigue tests take an important role in the mechanical characterization of the implants. Throughout time, the implants will be subject to different types of loadings, product of the chewing cycles of one individual, reason why it is of the highest importance to submit them to these types of tests, under different levels of loading, with the goal of predicting its life on fatigue.
From a biomechanical prespective, a well-succeeded osteointegration depends on how the tensions and deformations are transmitted to the bone and its involving tissues, being key-factors for the success or defect of a dental implant. Many variables affect the way tensions and deformations are transmitted to the bone, such as the type of loading applied, the length and diameter of the implant, its geometry and surface, the bone-implant surface, and the quality and quantity of involving bone. MEF allows to analyze the influence of each one of the mentioned variables, and for that reason it has become the most useful and used tool to locate and predict flaws in any mechanical system. Moreover, when a structural analysis is applied, it is possible to determine what are the effects of the deformations and tensions caused by structural loadings applied on the implant and surrounding bone.
Given the difficulties inherent to working with trabecular bone, synthetic polyurethane foams are widely used as alternative materials to this type of bone in several biomechanical tests, due to the fact that these materials present a similar cellular structure and consistent mechanical characteristics, found in the same order as the ones of the trabecular bone [3] . Amongst the different possible tests, the measurement of micromovements in the bone-implant system when exposed to cyclic loadings is one of the most important pre-clinical tests to determine whether the performance of the in vivo implant is possible, and to evaluate its stability. In the present work, a set of fatigue tests was performed, according to the ISO 14801 norm, in which the implants were inserted in polymeric samples, with different densities, simulating different bone types, with the intuit of assessing the stability of the implants and evaluate de deformations level in the bone-implant system. This study was complemented with an analytical analysis and of finite elements, where similar geometries to the test specimens were generated, through which it was possible to determine deformation fields and bone-implant interface tension, and finally, compare these results to the medical reality.
Materials and methods

Preparation of test specimens
The insertion material used consists of rigid polyurethane (PU) foams known as Sawbones. Three types of theses foams were selected, with the purpose of covering a certain range of densities. Of the three selected types, the Sawbone 10 is of lower density, Sawbone 12 of higher density and Sawbone 11 of intermediate density. It is important to establish a relation between the density of each Sawbone and the bone density. According to the Misch classification for bone density, can assume that the Sawbone with lower density aims to simulate a bone of type D3, which is, a thin trabecular bone (less dense) and a thin cortical part. The Sawbone 12, the denser used in the test performed, represents the characteristics simulated of a bone of type D1, which corresponds to a dense cortical part with a trabecular part less dense, and finally, the intermediate density Sawbone 11, associated to the type D2 bone. In order to simulate the cortical part of the bone, an epoxy resin was used to replicate the cortical properties of the bone. Table 1 presents the correspondence between the different Sawbone types and the bone density according to Misch. 
Analytical model for indentation
Several physic problems in the real world involve some sort of mechanical contact. The mechanical contact problems can be experimentally study, numerically or through theoretical models. It was sought on literature a model that aims the analysis of the behavior of the Sawbone structure, with the purpose of predicting the deformations that occur when it is externally solicited by a force. The proposed model is one of indentation for elastic materials. This seeks, based on the mechanical theory of contact, to describe the deformation occurring on the Sawbone, resultant of the contact action from the implant. The elastic tension fields generated by an indenter be it of spherical geometry, cylindrical or pyramidal, although complex, are well defined on the literature [5] . For a cylindrical indenter, for r<=a, this is, for a radial distance, r, smaller than the contact radius, a, the contact pressure distribution is:
Below the indenter, uz, is the depth below the original free surface of the indenter and is obtained by:
For a cylindrical indenter, the radial tension of the indented surface is given by:
The radial displacements at the indented surface are given by:
In the expressions 1, 2, 3 and 4, E and v correspond to the Young's modulus and Poisson coefficient of the indented sample. For the analytic calculations, a relation of 0,5 for r/a was chosen, to evaluate deformations and tensions at the Sawbone structure.
Finite element method (FEM)
The generation of the finite element model was initiated with the modulation of two distinct geometries for the implants, one smooth and other threaded by the SolidWorks 2015
program, as shown in figure 3 .
Figure 3 -Smooth and threaded geometries
The generation of the smooth geometry has the purpose of simplifying the model, which means it was used in a primarily analysis for the study of tensions and deformations that occur at the set implant-Sawbone. Sawbone and epoxy geometries were also created, to which the two types of implants were assembled.
Both geometries were imported to ANSYS Workbench 14.5
commercial code. The analysis were made imposing a convergence to the von Mises tension of 7% for both modulated geometries, for which at the smooth geometry the element SOLID186 was used, and for the threaded geometry the SOLID187, a tetrahedral element, as shown in figure 4.
Some simplifications were made for the simulations. Firstly, all materials were considered homogeneous, isotropic and linearly elastic [6, 7] . can be explained based on the structure of the cells.
Results of FEM penetration simulations
The distributions of stress and strain are presented in figures 4.11 to 4.14, manilly, maximum stress values in the implant and deformations in Sawbone. These are represented in a color scale, that is, closer to the red, higher the value of the stress / strain. Amongst the results presented for the smooth geometry, there was a gradual decrease in the value of stress, such as deformation, which with the type of Sawbone, and that this situation happens for both strength intensities used.
Firstly it is noted that in all simulated cases, either the implant or the Sawbone-epoxy set have not reached the limit The decrease in tension between the two geometries is justified because increasing the contact area on the interface contact between the implant and the Sawbone-epoxy set, maintaining the same degree of loading, an increase in the area promotes a reduction in the amount of tension.
Results of indentation simulations
The results of numerical simulations, such as analytical In figure 15 , it can be seen an example of indentation stress fields and deformation. 
Discussion
There were several differences for the two tested implant systems. For both, the external hexagonal implant, as for the Morse taper implant, it was found that the deformation value decreases as the Sawbone density increases. The SEM images, shown in figure 16, verify this, once the results were analyzed, it is observed that the number of collapsed cells within the affected area is larger for the less dense structure. From the point of view of the bone structure, a bone-type D1, being denser and mechanically stronger, is less sensitive to the variation of masticatory forces.
Another interesting result is found for the case of the less dense Sawbone, that is, when both the implants were tested in the worst design condition. For the external hexagonal system it was found that the plastic collapse phase starts earlier at about 10000 cycles, and that the curve behavior for the greater force intensity displays significant differences of loading the number of cycles to failure is higher thanks to their locking mechanism, by wherein the clearance between the implant and the abutment is reduced, eliminating vibration and micromovements of the connecting srew [10] .
The values of the measured insertion torque also show a clear relationship with the density of Sawbone. There have been higher torque values when the foam density is higher, and this result is in line with some studies published. Given that the three Sawbones are closed cell foams, the air that lies within each cell has influence on the process. This means that for larger cells the air which is inside it is at lower pressure compared to larger cells [11] . Therefore the force which is necessary to fix the implant in the less dense Sawbone is lower compared with the densest Sawbone, that is, the value of the torque is lower for lower densities and higher for higher density foams. 
Conclusions
The analysis of the mechanical behavior of implants 
